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FOOD CHEMICAL CONTAMINANTS

Determination of Sulfite in Dried Garlic by Reversed-Phase
Ion-Pairing Liquid Chromatography with Post-Column Detection
GRACIA A. PERFETTI and GREGORY W. DIACHENKO
U.S. Food and Drug Administration, Center for Food Safety and Applied Nutrition, 5100 Paint Branch Pkwy, College Park,
MD 20740

A method is described for determining sulfite in
dried garlic. Garlic is extracted with an HCl solution to inhibit the formation of allicin, which interferes with the determination of sulfite. After
cleanup of the extract on a C18 solid-phase extraction column, sulfite is converted to
hydroxymethylsulfonate (HMS) by adding formaldehyde and heating to 50°C. HMS is determined by
reversed-phase ion-pairing liquid chromatography
with post-column detection. The post-column reaction system consists of the addition of KOH to convert HMS to sulfite ion, followed by the addition of
5,5¢-dithiobis(2-nitrobenzoic acid) to produce
5-mercapto-2-nitrobenzoic acid which is detected
spectrophotometrically at 450 nm. Background levels in unsulfited dried garlic equivalent to <20 ppm
SO2 were found. Recoveries of HMS from spiked
garlic averaged 94.8% with a coefficient of variation of 3.8%. Sulfite was found in 13 of 21 samples
of dried garlic produced in China, with sulfite ranging from 114 to 445 ppm. Sulfite was found in 60%
of commercial dried garlic products purchased locally. The suitability of the Monier-Williams method
for determining sulfite in garlic is discussed.

ulfite is widely used as a preservative in the food industry. In the early 1980s, sulfiting agents were implicated
in serious allergic reactions. As a result, in 1986, the
U.S. Food and Drug Administration (FDA) issued final rules
requiring that sulfites be declared on the label of any food containing detectable amounts of sulfite (³10 ppm sulfur dioxide; 1) and prohibiting the use of sulfite in any product to be
served or sold raw to consumers (2). At that time, the optimized Monier-Williams (MW) method (3) was selected as the
basis of FDA’s enforcement activities regarding sulfites because of its proven reliability and its applicability to a wide variety of foods. In the MW method, sulfur dioxide generated
from the acidified food is distilled into a solution of hydrogen
peroxide. The sulfur dioxide is oxidized to sulfuric acid,
which is measured by acid-base titration. It is well known that

S

Received September 19, 2002. Accepted by AP October 29, 2002.
Corresponding author’s e-mail: gperfett@cfsan.fda.gov.

Allium and Brassica vegetables contain substances that yield
sulfur dioxide under the conditions used for the MW analysis.
Garlic gives the highest response, with dried garlic yielding
between 100 and 200 ppm SO2. The FDA takes the natural
level of sulfur dioxide into account in determining whether a
food complies with the labeling requirement. For example, in
the case of dried garlic, the FDA has normally considered a
sample yielding a result of >230 ppm by MW to contain added
sulfite. It would be preferable, however, to have a method
which can distinguish between added sulfite and sulfur dioxide that is produced by decomposition of sulfur-containing
compounds in the food during analysis (i.e., matrix-derived
sulfite).
The need for a method capable of detecting added sulfite in
dried garlic became apparent in 1999, following an outbreak
of garlic rust disease in California. Poor garlic harvests resulted in a large increase in the amount of imported dried garlic, particularly from China. FDA monitoring of imported
Chinese garlic resulted in the rejection of many shipments on
the basis of SO2 levels of >230 ppm as determined by the MW
method. Some garlic importers claimed that the high results
were caused by large amounts of naturally occurring SO2-producing compounds in varieties of garlic grown in China.
However, another explanation for the high SO2 levels is that
the garlic was inadvertently sulfited during the drying process.
Drying garlic over coal fires is a common practice in China,
and sulfur in the coal is a source of sulfite. To settle this matter, and to avoid such controversies in the future, we began a
project to develop a method for distinguishing added sulfite
from matrix-derived sulfite in dried garlic.
The analytical methodology for determining sulfites in
foods has been thoroughly reviewed (4). Many of these methods involve conversion to sulfur dioxide, which is then removed from the food by distillation and detected by any of a
number of techniques. When applied to the analysis of garlic,
these methods are subject to the same interference problems
as the MW method. Chromatographic methods for determining sulfite in food include the ion-exclusion method (5) and
the liquid chromatography (LC)/post-column method (6–8).
In the ion-exclusion method, food is extracted with alkaline
solution, which converts various forms of sulfite to the relatively stable sulfite anion, SO32–. The extract is then subjected
to ion-exclusion chromatography with electrochemical detection. The LC/post-column method stabilizes free sulfite by the
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(d) Centrifuge.—Marathon 21000R refrigerated centrifuge (Fisher Scientific Co., Pittsburgh, PA).
(e) Tube heater.—Reacti-Therm heating module (Pierce
Chemical Co., Rockford, IL).
(f) Homogenizers.—Cuisinart Mini-Mate Plus chopper/grinder (Cuisinart Co., East Windsor, NJ) and Sorvall
omnimixer with 500 mL cups (Omni International,
Warrenton, VA).
(g) Distillation apparatus.—See ref. 2.
Reagents and Experimental Materials

Figure 1. Chromatograms of dried garlic extracted with
(A) formaldehyde in pH 5 buffer, (B) pH 5 buffer, and
(C) pH 8 buffer. 1 = HMS (hydroxymethylsulfonate);
2 = HES (hydroxyethylsulfonate).

addition of formaldehyde to form the carbonyl adduct of sulfite, hydroxymethylsulfonate (HMS). HMS is isolated by reversed-phase ion-pairing LC and detected spectrophotometrically after post-column reaction. Although both of these
methods have been used successfully to determine sulfite in a
variety of foods, neither method has been demonstrated to be
capable of determining added sulfite in dried garlic. This paper reports the application of a modified LC/post-column
method to the determination of added sulfite in dried garlic.
The results are compared with those obtained by the MW
method. Finally, some comments are made about the suitability of the MW method for determining sulfite in garlic.

(a) Solvents.—LC grade water, methanol, acetonitrile,
and methylene chloride (Burdick & Jackson, Inc., Muskegon,
MI); absolute ethanol.
(b) Tetrabutylammonium hydroxide (TBAH).—40%
aqueous solution (Fluka Chemical Co., Milwaukee, WI).
(c) 5,5¢-Dithiobis(2-nitrobenzoic acid) (DTNB).—Aldrich
Chemical Co. (Milwaukee, WI).
(d) Sodium sulfite.—99.99% (Aldrich Chemical Co.).
(e) Formaldehyde.—37% aqueous solution (J.T. Baker,
Phillipsburg, NJ).
(f) Solid-phase extraction (SPE) columns.—Bakerbond
C18, 6 mL, 500 mg (J.T. Baker; Cat. No. 7020-06).
(g) Mannitol.—J.T. Baker.
Solutions
(a) Mannitol/HCl solution.—Prepare 0.01M HCl with
0.01M mannitol by mixing 8.33 mL concentrated HCl and
1.82 g mannitol in 1 L water.

METHOD
Apparatus
(a) Liquid chromatograph.—Thermo Separation Products (San Jose, CA) Model P4000 pump, Model AS3000
autosampler, and Model UV6000LP detector, with
ChromQuest data system.
(b) Analytical column.—Zorbax SB-C18, 4.6 ´ 250 mm
(Agilent Technologies, Wilmington, DE).
(c) Post-column reaction system.—Two LabAlliance Series II pumps (Scientific Systems Inc., State College, PA)
were used to deliver the post-column reagents. The eluate
from the analytical column was mixed with Reagent A in a
low dead-volume tee; the resulting mixture was passed into a
second tee, where it was mixed with Reagent B. The eluate
from the second tee was passed through a 2 mL Teflon knitted
reaction coil (Cat. No. 57406; Supelco Inc., Bellefonte, PA)
immersed in a 50°C water bath, and then into the detector set
at 450 nm.

Figure 2. Chromatograms showing allicin found in
dried garlic extract spiked with various amounts of
sodium sulfite. A = no sulfite; B–D = increasing amounts
of sulfite.
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Determination

Figure 3. Chromatograms showing allicin found in
dried garlic extracted with (A) pH 5 buffer and (B) 0.2M
HCl.

(b) Buffered mannitol solution.—Prepare 0.01M acetate,
pH 5, with 0.01M mannitol by mixing 0.871 g sodium acetate
trihydrate, 0.206 mL glacial acetic acid, and 1.82 g mannitol
in 1 L water.
(c) Buffered formaldehyde solutions.—(1) 2.0%.—Mix
8.71 g sodium acetate trihydrate, 2.06 mL glacial acetic acid,
and 54 mL 37% formaldehyde solution, and dilute to 1 L with
water. (2) 0.2%.—Dilute 2.0% solution 10-fold with water.
(d) Mobile phase.—Prepare 0.005M tetrabutylammonium
ion (TBA+) in 0.05M acetate, pH 5, by mixing 3.25 mL
TBAH, 3.14 mL glacial acetic acid, and 6.12 g sodium acetate
trihydrate in 1 L water. Filter through 0.45 mm nylon membrane filter. The (isocratic) mobile phase is prepared by mixing this solution with methanol in a ratio of 85:15.
(e) Post-column reagent A.—Prepare 0.064M aqueous
KOH solution by dissolving 4 g KOH in 1 L water. Filter
through 0.45 mm nylon membrane filter.
(f) Post-column reagent B.—Dissolve 27.2 g KH2PO4 in
water. Dissolve 360 mg DTNB in 5 mL ethanol; add it to
phosphate solution, mix well, and dilute to 1 L with water. Filter through 0.45 mm nylon membrane filter.
(g) Standard sulfite solutions.—Prepare stock solution of
formaldehyde–bisulfite adduct, HMS, by dissolving 100 mg
Na2SO3 in 10 mL 2% formaldehyde solution. Prepare
1 mg/mL solution by diluting stock solution 1:10 with water.
By serial dilution of 1 mg/mL solution with 0.2% formaldehyde solution, prepare HMS working standards with concentrations (as Na2SO3) of 0.05, 0.10, 0.5, 1.0, and 2.0 mg/mL.
(h) Ethanol–water (5 + 95, v/v).—Prepare by diluting
50 mL ethanol to 1 L with water.
(i) HCl, 0.20M.—Prepare by diluting 5 mL concentrated
HCl to 300 mL with water.

(a) Post-column method.—Using Cuisinart chopper/grinder, homogenize minced or flaked garlic samples to
powder before weighing. Accurately weigh 0.50 g dried garlic
into 15 mL disposable centrifuge tube. Add 5 mL mannitol/HCl
solution, and extract by shaking tube for 2 min. Centrifuge
3 min at 3000 rpm. Decant supernate into second 15 mL disposable centrifuge tube. Add 5 mL buffered mannitol solution to
first centrifuge tube, break up residue with a spatula, if necessary, and extract for 1 min. Centrifuge 3 min at 3000 rpm. Decant supernate into second centrifuge tube. Dilute combined extracts to 10 mL with buffered mannitol solution. Centrifuge
2 min at 3000 rpm. Condition SPE column sequentially with
5 mL portions of methylene chloride, methanol, water, and
0.01M HCl solution–pH 5 acetate buffer (1 + 1). Pass 2 mL extract through SPE column and discard eluate. Pass 1 mL extract
through column, and collect eluate in 10 mL volumetric flask.
Add 1 mL 2.0% formaldehyde solution, and dilute to 10 mL
with water. Transfer portion to autosampler vial and place vial
in heating block set at 50°C for 40 min. Let solution cool to
room temperature. With the analytical pump and both
post-column pumps operating at 1.0 mL/min, inject 20 mL of
each working standard, and prepare calibration curve of peak
height (H) vs concentration of Na2SO3. Perform regression
analysis, and determine slope (S) and intercept (I) of line. Inject
20 mL sample extract. Calculate the concentration of SO2 in the
garlic sample with the following equation:
SO2 , ppm =

100 [( H - I) / S]
64
´
W
126

Figure 4. Chromatograms of sulfite species in dried
garlic: (A) extraction with HCl, followed by addition of
formaldehyde, and heating to 50EC for 40 min;
(B) extraction with HCl, and no formaldehyde added.
1 = HMS (hydroxymethylsulfonate); 2 = HES
(hydroxyethylsulfonate); 3 = HSO3–; 4 and 5 = unidentified
peaks.
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Table 1. Responses (ppm SO2) found by post-column
and optimized MW methods for unsulfited dried garlic
Post-column

MW #1a

1

2.4

175

2

3.7

120

3

5.5

174

4

6.2

168

5

6.5

148

6

6.8

135

7

9.1

117

Sample

8

9.3

9

11.4

136

10

12.9

163

a

52.5

Optimized MW method.

where H is the height of the HMS peak in the chromatogram
for the sample, W is the sample weight in grams, 100 is the dilution factor, and 64 and 126 are the molecular weights of SO2
and Na2SO3, respectively. If H is larger than the peak height
obtained for the most concentrated working standard, dilute
the extract with 0.2% formaldehyde solution so that H falls
within the calibration range, and adjust the dilution factor in
the above equation accordingly.
(b) Optimized Monier-Williams method (MW #1).—See
ref. 2. Weigh 25 g sample into 500 mL Sorvall mixer cup.
Blend with 100 mL ethanol–water (5 + 95, v/v) for 2 min.
Using water to rinse, transfer quantitatively to distillation
flask, and proceed as in ref. 2.
(c) Monier-Williams method with allicin suppression
(MW #2).—Same as (b), with 2 exceptions: (1) reduce volume
of water in distillation flask to 200 mL, and (2) blend sample
with 300 mL 0.2M HCl solution for 2 min before adding to
distillation flask.
Results and Discussion
Sulfite added to food can exist as free sulfite, reversibly
bound sulfite, or irreversibly bound sulfite. Irreversibly bound
sulfite is unrecoverable and will not be considered further in
this discussion. Free sulfite in an aqueous medium such as food
can exist in any of the 3 forms shown in the following equations; the percentage existing in each form depends on pH:
H2SO3 ¸ H+ + HSO3–
HSO3– ¸ H+ + SO32–
In foods, reversibly bound sulfite consists primarily of carbonyl adducts of the bisulfite ion. These adducts are stable at
low-to-intermediate pH and dissociate into free sulfite as the
pH is raised. The sum of the free and the reversibly bound sulfite in a food is referred to as total sulfite. Most methods for
determining sulfite in food measure total sulfite. In the
LC/post-column method (6–8), free sulfite in a food matrix is

stabilized as the formaldehyde adduct of bisulfite, HMS, by
extracting with a buffered formaldehyde solution. The formation of this adduct is thermodynamically very favorable in the
pH range of 3–7. By adding excess formaldehyde, other carbonyl adducts of sulfite present in the food are converted to
HMS; this process is hastened either by mild heating or by sequential raising and lowering of the pH. HMS is separated
from other food components by reversed-phase ion-pairing
LC. Post-column detection consists of (1) reaction of HMS
with strong base to produce SO32–, and (2) reaction of SO32–
with DTNB to produce 5-mercapto-2-nitrobenzoic acid,
which is detected spectrophotometrically at 450 nm.
Early experiments using the LC/post-column method to
determine sulfite in dried garlic led to the suspicion that added
sulfite was reacting with some component(s) of the garlic matrix. Figure 1 shows chromatograms for the same dried garlic
sample extracted 3 different ways. (This sample was suspected of containing added sulfite, on the basis of an MW result of approximately 350 ppm SO2.) The chromatogram in
Figure 1A was obtained by extracting the garlic with a solution of formaldehyde in pH 5 acetate buffer. A large HMS
peak was observed, along with a much smaller peak at the retention time of the acetaldehyde adduct of bisulfite,
hydroxyethylsulfonate (HES). The chromatogram in
Figure 1B was obtained by extracting the garlic with pH 5 acetate buffer. In the absence of formaldehyde, we expected to
observe a free sulfite peak in addition to those of carbonyl adducts. Instead, small HMS and HES peaks were observed, but
no free sulfite peak. These results suggest that when garlic is
extracted with formaldehyde solution, free sulfite is stabilized
as HMS but, if formaldehyde is not present, free sulfite reacts
with some component(s) of the garlic. In Figure 1C, garlic was
extracted with pH 8.5 phosphate buffer. At this pH, any carbonyl adducts in the dried garlic would dissociate to give free
sulfite, SO32–. However, no free sulfite peak was observed,
supporting the hypothesis that SO32– reacted with some component(s) in the garlic matrix.
It is well known that garlic contains a class of reactive compounds known as thiosulfinates. The most abundant
thiosulfinate in garlic is allicin (2-propene-1-sulfinothioic
acid S-2-propenyl ester). (Although other thiosulfinates are
present in garlic at much lower concentrations, for the sake of
simplicity, only allicin will be discussed here.) When a clove
of fresh garlic is crushed, allicin is formed by the action of the
enzyme alliinase on the parent compound alliin. In dried garlic, alliinase is activated when water is added, and allicin is
formed almost immediately. The allicin content of dried garlic
Table 2. Recovery of SO2 from fortified dried garlica
Spiking level, ppm

Recovery, %

CV, %

10

92.5

3.4

100

95.6

3.7

400

96.3

3.3

a

n = 8 at each level.
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Table 3. Sulfite (ppm SO2) found in Chinese dried
garlic by the post-column and MW methods
Sample

Post-column

MW #1a

MW #2b

1

1.4

193

52.5

2

2.5

305

46.7

3

2.7

817

85.3

4

3.1

782

99.3

5

3.3

758

68.1

6

3.9

806

7

4.5

246

8.1

131

8

108
47.5
98.5

9

114

223

262

10

160

272

364

11

182

263

325

12

190

234

267

13

224

239

316

14

289

331

424

15

289

382

436

16

348

420

566

17

353

405

588

18

359

354

554

19

373

377

573

20

401

473

614

21

445

383

644

a
b

Optimized MW method.
MW method with allicin suppression.

is typically 3–5 mg/g (9). Because it is known that allicin reacts with reducing agents (9) and is present in garlic at such
high levels, it was hypothesized that allicin was responsible
for the loss of sulfite observed in Figure 1B and C. To test this
hypothesis, dried garlic was extracted with pH 5 acetate
buffer, and the extract was spiked with various amounts of sulfite. (The chromatograms in Figure 2 were obtained with a
mobile phase of acetonitrile–water (1 + 1) at a flow rate of
1.0 mL/min, a detection wavelength of 240 nm, and an injection volume of 10 mL. The instrument and the analytical column were those listed in the Method section.) Figure 2A
shows the chromatogram of the unspiked extract. Allicin
elutes at 4.7 min. Figure 2B–D shows chromatograms for portions of the same extract spiked with increasing amounts of
sulfite. The allicin peak decreases with increasing sulfite concentration, clearly demonstrating that allicin reacts with sulfite. (Identification of the products of this reaction has eluded
us and is beyond the scope of the present work.)
A method for determining sulfite in garlic, therefore, must
contain a means of preventing the reaction between allicin and
sulfite; otherwise, false-negative results might occur. In the
LC/post-column method, extraction with formaldehyde
causes rapid conversion of sulfite to HMS, thus preventing the
reaction of allicin with sulfite (see Figure 1A). Although this

procedure worked fairly well, we encountered problems with
sample stability. The concentration of sulfite in a formaldehyde extract was found to increase with each subsequent injection, leading to erroneously high results. The cause of this
phenomenon is unknown. We therefore looked into the possibility of preventing the reaction of allicin with sulfite by eliminating allicin. Because allicin is not present in dried garlic, but
is formed by enzymatic reaction upon addition of water, deactivating the enzyme alliinase should prevent the formation of
allicin. We found that extracting dried garlic with 0.2M HCl
solution prevented the formation of allicin. The effectiveness
of this technique is illustrated in Figure 3, which compares
chromatograms obtained for dried garlic extracted with (A)
pH 5 buffer and (B) HCl solution. No allicin was found in the
HCl extract. (Chromatographic conditions were the same as
those used to obtain Figure 2.)
The procedure developed to prepare a dried garlic sample
for analysis by the LC/post-column method consists of extraction, centrifugation, SPE, addition of formaldehyde, and heating. (To minimize losses due to oxidation of free sulfite, the
steps prior to the addition of formaldehyde should be performed as quickly as possible.) The initial extraction is performed with mannitol/HCl solution, which prevents the formation of allicin. To improve recovery, a second extraction
with mannitol/pH 5 acetate buffer is performed. Mannitol is
added to the extraction solutions to stabilize sulfite (10). After
centrifuging, extracts are passed through a C18 SPE column to
remove substances that interfere with the determination.
Formaldehyde is added to the SPE-purified extract, which
converts free and reversibly bound forms of sulfite to HMS.
Heating the extract at 50°C speeds up conversion of other carbonyl adducts of sulfite to HMS. Thus, all the free and reversibly bound sulfite is converted to a single species, which is
then determined chromatographically.
The garlic sample used to obtain Figure 1 was reanalyzed by
using the procedure outlined above; the resulting
chromatogram is shown in Figure 4A. HMS elutes at a retention
time of 5.8 min to produce a single chromatographic peak. If
formaldehyde is not added to the extract, as in Figure 4B, a profile of the sulfite species is observed. In addition to a small
amount of HMS, HES is observed at 6.2 min. Two other components eluting at 8.8 and 9.4 min are probably also carbonyl
adducts. A free sulfite peak is observed at approximately 7 min.
This chromatogram should be compared with the one in
Figure 1B, in which the garlic was extracted with pH 5 buffer.
Under those conditions, all the free sulfite, and most of the reversibly bound sulfite, had reacted with allicin.
To determine typical background levels for sulfite in dried
garlic, 10 samples of dried garlic certified to be sulfite-free
were obtained from a domestic manufacturer and analyzed by
the post-column method. The results are summarized in Table 1; also included are the results obtained by MW #1. (For
convenience, the data in Table 1 were sorted in ascending order of the post-column results.) The results by the
post-column method ranged from 2.4 to 12.9 ppm apparent
SO2. Thus, even though these garlic samples had not been exposed to sulfite, low levels of SO2 were found in all 10 sam-
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ples. We were unable to identify the origin of this background
response, but it is perhaps not surprising, given the large number of sulfur-containing compounds present in garlic (9). We
consider these responses to be a substantial improvement over
the results by MW #1, with levels about an order of magnitude
lower than the 52.5 to 175 ppm found by MW #1. For the purposes of this work, dried garlic assaying <20 ppm SO2 by the
post-column method will be considered sulfite-free.
Using dried garlic sample 1 in Table 1, which gave the lowest background, we conducted a recovery study of the
post-column method. Portions of garlic were spiked with 10,
100, and 400 ppm SO2. It is difficult to obtain meaningful recovery data when foods are spiked with free sulfite, because of
the extreme reactivity of this analyte. Therefore, the spikes
were added in the form of HMS, just after addition of HCl solution. The average percent recoveries and percent coefficients of
variation (CVs) are summarized in Table 2. No significant differences in recovery were observed for the different spiking
levels. Overall, recovery averaged 94.8% with a CV of 3.8%.
(In contrast, recoveries from garlic spiked with free sulfite averaged approximately 40%.) The HMS peak obtained for the
10 ppm spiking level was approximately one order of magnitude above the limit of quantitation (LOQ), defined as 10 times
the noise level. The noise level was measured at the baseline
just before the appearance of the HMS peak.
It was stated earlier that this work was undertaken primarily
to address claims that varieties of garlic grown in China naturally contain unusually large amounts of sulfur compounds,
which cause a larger than usual false-positive response by
MW #1. To determine whether this is actually the case, the
LC/post-column method as described above was used to analyze a number of samples of Chinese dried garlic. Some of these
samples had been detained by the FDA on the basis of high
MW results; others were obtained from members of the American Dehydrated Onion and Garlic Association (ADOGA). It
was not known if any of these samples had been sulfited; none
had sulfite listed on the label. The results for 21 samples are
summarized in Table 3, along with the results obtained by the
MW #1. Thirteen of the samples tested positive for sulfite by
the post-column method (i.e., ³20 ppm SO2), with levels ranging from 114 to 445 ppm SO2. With the exception of sample 9,
which gave an MW result of 223 ppm SO2, all these samples
also tested positive by MW #1 (i.e., ³230 ppm SO2.) Of the
8 samples that tested negative for sulfite by the post-column
method, only samples 1 and 8 tested negative by MW #1. The
other 6 samples had MW results ranging from 246 to 817 ppm
SO2. It is apparent that some Chinese garlics (e.g., samples 3–6)
do contain substances other than added sulfite that result in very
high results by MW #1. This phenomenon might be due to varietal differences but, unfortunately, we were not provided with
varietal information on these samples. However, it is also apparent that samples 10–21, which were declared positive on the
basis of the MW #1 results, had indeed been exposed to sulfite,
either intentionally or unintentionally (e.g., by drying over coal
fires). The data in Table 3 demonstrate the usefulness of the
post-column method in identifying garlic samples that contain
added sulfite.

Table 4. Sulfite (ppm SO2) found in commercial dried
garlic by the post-column and MW methods
Sample

Post-column

MW #1a

MW #2b

1

3.7

141

46.4

2

3.7

136

45.6

3

4.6

133

47.2

4

4.8

5

5.2

116

70.2

6

6.1

117

45.8

7

8.3

107

44.7

8

11.2

124

9

62.8

112

133

10

88

149

205

11

103

178

215

12

246

268

340

13

255

266

353

14

257

255

327

15

321

275

450

16

322

283

444

17

322

267

413

18

329

292

472

19

354

297

539

20

402

314

559

a
b

91.1

61.3

60.7

Optimized MW method.
MW method with allicin suppression.

A number of dried garlic products obtained from local supermarkets were analyzed by using the post-column method.
These samples were purchased over approximately a 1-year
period (mid-1999 to mid-2000). During this period, many
dried garlic products were being manufactured from blends of
domestic and Chinese dried garlic. The results of the survey
are summarized in Table 4. Sixty percent of the samples were
found to contain sulfite (i.e., ³20 ppm SO2 by the post-column
method), with 45% containing >200 ppm SO2. These results
imply that a substantial amount of the dried garlic used in the
manufacture of these products had been sulfited. The samples
were also analyzed by MW #1 (see Table 4). Results for the
positive samples ranged from 112 to 314 ppm. Three of the
positive samples (9–11) would have been erroneously declared negative by MW #1 (<230 ppm SO2).
The purpose of this work was to develop a method for determining sulfite in garlic that was not subject to a large
amount of interference from the garlic matrix. In the course of
this study, we uncovered some facts concerning the analysis
of garlic by the MW #1, and we believe it is appropriate to
share this information as well. The data presented in Tables 3
and 4 demonstrate the shortcomings of MW #1 when applied
to the analysis of garlic. Data obtained with MW #1 do not
correlate well with the LC/post-column data. A result of
³230 ppm by MW #1 does not necessarily indicate that a gar-
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lic sample contains added sulfite (e.g., samples 2–7 in Table 3). Conversely, samples that have been sulfited can give
MW results of <230 ppm (e.g., sample 9 in Table 3; samples
9–11 in Table 4). We have shown that allicin can react with
sulfite, and that it is therefore a potential interferent in any analytical method for determining sulfite in garlic, including
MW #1. We also suspected that allicin is a major source of the
matrix-derived sulfur dioxide in the analysis of unsulfited garlic samples by MW #1. This possibility was suggested, but not
demonstrated, by Holak and Specchio (11). Allicin is an unstable compound, especially at elevated temperatures, and it
can release sulfur dioxide under certain conditions (9). To
confirm our suspicions, we analyzed a purified solution of
allicin by MW #1. The solution was prepared in the following
manner: A 10 g sample of unsulfited dried garlic was extracted with 100 mL pH 5 buffer, centrifuged, and passed
through a large-capacity SPE column (Supelclean LC-18,
60 mL, 10 g, Supelco Cat. No. 57136). The column was
washed with 30 mL acetonitrile–water (1 + 3), and allicin was
eluted with 30 mL acetonitrile–water (1 + 1). Acetonitrile was
removed by using a rotary evaporator. The purified allicin solution was analyzed by MW #1; a result of approximately
100 ppm SO2 was obtained. This experiment demonstrated
that allicin is responsible for at least some of the MW response
observed for unsulfited garlic.
The fact that allicin gives a response by MW #1 leads to a
very complicated situation when this method is used to analyze
garlic. On the one hand, sulfur dioxide is generated from the
allicin formed when a dried garlic sample makes contact with
water (either by prehomogenization or by direct addition of
dried garlic to water in the MW distillation flask). Thus, allicin
contributes to a false-positive response. On the other hand, if
the dried garlic sample has been sulfited, both sulfite and allicin
will be lost (as a result of their reaction with each other) as soon
as the sample makes contact with water, and a response will
arise from the remaining sulfite and/or allicin. These 2 competing reactions of allicin, one producing SO2 and the other consuming SO2, contribute to the lack of correlation between the
MW #1 and LC/post-column results shown in Tables 3 and 4.
Because allicin is a major interference in the analysis of
garlic by MW #1, deactivation of alliinase by
prehomogenization with HCl solution (MW #2; see Method
section) should produce very different results. Table 3 gives
the results obtained by MW #2 for the Chinese garlic samples.
For the unsulfited samples (samples 1–8), the MW #2 results
are lower than the MW #1 results, with 47 to 108 ppm SO2
found by MW #2. Therefore, preventing the formation of allicin
reduces the response. (The fact that it does not totally eliminate
the response implies that there must be other garlic constituents
which produce sulfur dioxide under MW conditions; these
components have not been identified.) The data for samples 3–6 imply that the exceptionally high results obtained for
these samples by MW #1 were caused by unusually high allicin
levels. For the samples that tested positive for sulfite by the
post-column method (samples 9–21), the MW #2 results are

higher than the MW #1 results. This phenomenon is reasonable
according to the discussion in the previous paragraph. In the
MW #2 method, no allicin is present, and sulfur dioxide is generated primarily from the sulfite that was added to the garlic.
But in MW #1, some of the sulfite was lost as a result of the reaction with allicin. Sulfur dioxide was generated from
unreacted sulfite and allicin (plus an amount arising from unidentified matrix components). Thus, the total amount of sulfur
dioxide found by MW #1 is lower than that found by MW #2.
Data for the commercial garlic products obtained with
MW #2 (Table 4) show similar trends. For the unsulfited garlics (samples 1–8), the MW #2 results are lower than the
MW #1 results. For the sulfited garlics (samples 9–20), the results by MW #2 are higher.
Conclusions
The LC/post-column method was used to determine sulfite
in dried garlic. It was established that allicin is capable of reacting with sulfite. This reaction was suppressed by extracting the
garlic with HCl solution, which deactivates the enzyme responsible for the formation of allicin. Background levels of sulfur
dioxide found in unsulfited dried garlic by the LC/post-column
method were <20 ppm, which is approximately an order of
magnitude lower than background levels found with MW #1. It
was also shown that eliminating allicin from the MW method
by preextracting with HCl solution (MW #2) reduces background levels to <100 ppm SO2. The work presented here implies that any analytical method for the determination of sulfite
in garlic must take into account the reactivity of allicin.
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